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Abstract 
 

Structural Analysis of Penetration Strip Line Lifting Fixture.  
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1  Structural Analysis 
 
 
This fixture was analyzed to verify compliance with ANSI/ASME B30.20-1985 “Bellow-the-
Hook Lifting Devices” standard and 1987 addenda. The two basic design recommendations of this 
standard and its addenda are: 

• Minimum design factor of 3 over the rated load, based on yield strength (20-1.22, p.21) 
and 

• Load test with 125% of the rated load (20-1.4.2, p.22).   
 
 
 

 
 
 
 
1.1 Allowable Stresses 
 
1.1.1 Hand Calculations 
  
Stresses and Stability - individual stress components should be in accordance with the most 
stringent of the following codes:  
ASME B30.20, AA or AISC/ASD (whichever applicable)  
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1.1.2 Finite Element Analysis 
 
Stresses: 
Maximum peak Von Mises stresses (nodal averaging) < 1/3 of the Yield Strength (based on 
ASME B30.20). 
Maximum peak shear stresses (nodal averaging) < 1/6 of the Yield Strength (based on ASME 
B30.20 and strength of materials theory). 
 
This is very conservative, since localized stresses can be linearized and peak stresses maybe 
discarded. Nonetheless, it is safe. 
 
Stability - if compressive forces are present: 
Buckling Load Factor (linear buckling) > 5 (see note below). 
 
Published safety factors for buckling vary according to the application. A safety factor greater 
than 5 is comfortably above what is recommended by some very accepted references as, for 
instance, the ASME pressure vessel code (see sec. II, appendix 3, item 3-600 (c) (1), p.705). It 
addresses axial compression of thin cylinders which is experimentally known to be one of the 
cases that most diverges from buckling theories. Another example is the Aluminum Association 
standard (see tb. 3.3.3, p.17), which covers aluminum structures. 
 
For 36 ksi plates and rod:  1/3 of  Yield  = 12.0 ksi; 1/6 of  Yield  =  6.0 ksi 
For 46 ksi tube:   1/3 of  Yield  = 15.3 ksi; 1/6 of  Yield  =  7.7 ksi 
For 84 ksi shoulder screws:  1/3 of  Yield  = 28.0 ksi; 1/6 of  Yield  = 14.0 ksi 
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1.4  F.E.A.  
 
 
1.4.1 Model 
 
The fixture was completely modeled with shells. The diameter and shell thickness of the round bar 
and shoulder screws were chosen so it would form solid cylinders. 
 
 
1.4.2  Parameters Used 
 

• Program: EDS I-DEAS v. 9m3 / Simulation. 
• Analyses: Linear Statics and Linear Buckling 
• Material properties -  

All elements are isotropic steel: 
density   = 7.35579x10-4 lbf.sec2/in4      
η   = 0.291 
Elastic modulus = 3.07x107 psi 

• Elements: 
Shells: parabolic quad shells. 
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1.4.3 Boundary Conditions 
 
 
The rated load is 5000 lb. A one-inch wide area at the central part of the round bar was held in X, 
Y and Z, and 2,500 lb were applied to each one of the shoulder screws. Gravity was also applied. 
 
 
 

 
 
 
 
1.4.4 Results 
 
 
The maximum Von Mises and shear stress (ksi) and overall deflections (in) are indicated in a table 
after the plots.   
 



/cadwhs/server03/ms_rafael/numi_penet_sl_LF.mf1
RESULTS: 3- B.C. 1,STRESS_3,LOAD SET 1
STRESS - MAX SHEAR MIN: 8.90E-01 MAX: 5.02E+03
DEFORMATION: 1- B.C. 1,DISPLACEMENT_1,LOAD SET 1
DISPLACEMENT - MAG MIN: 0.00E+00 MAX: 4.36E-03 VALUE OPTION:ACTUAL
FRAME OF REF: PART SHELL SURFACE: TOP

 8.90D-01

 5.03D+02

 1.01D+03

 1.51D+03

 2.01D+03

 2.51D+03

 3.02D+03

 3.52D+03

 4.02D+03

 4.52D+03

 5.02D+03

 
 

/cadwhs/server03/ms_rafael/numi_penet_sl_LF.mf1
RESULTS: 3- B.C. 1,STRESS_3,LOAD SET 1
STRESS - MAX SHEAR MIN: 8.90E-01 MAX: 1.71E+03
DEFORMATION: 1- B.C. 1,DISPLACEMENT_1,LOAD SET 1
DISPLACEMENT - MAG MIN: 0.00E+00 MAX: 9.02E-04 VALUE OPTION:ACTUAL
FRAME OF REF: PART SHELL SURFACE: TOP

 8.90D-01

 1.72D+02

 3.43D+02

 5.14D+02

 6.85D+02

 8.57D+02

 1.03D+03

 1.20D+03

 1.37D+03

 1.54D+03

 1.71D+03
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/cadwhs/server03/ms_rafael/numi_penet_sl_LF.mf1

RESULTS: 3- B.C. 1,STRESS_3,LOAD SET 1
STRESS - MAX SHEAR MIN: 4.50E+00 MAX: 3.34E+03
DEFORMATION: 1- B.C. 1,DISPLACEMENT_1,LOAD SET 1
DISPLACEMENT - MAG MIN: 5.54E-04 MAX: 4.22E-03 VALUE OPTION:ACTUAL
FRAME OF REF: PART SHELL SURFACE: TOP

 4.50D+00

 3.38D+02

 6.71D+02

 1.00D+03

 1.34D+03

 1.67D+03

 2.00D+03

 2.34D+03

 2.67D+03

 3.00D+03

 3.34D+03

 
 
 

/cadwhs/server03/ms_rafael/numi_penet_sl_LF.mf1
RESULTS: 3- B.C. 1,STRESS_3,LOAD SET 1
STRESS - MAX SHEAR MIN: 1.19E+02 MAX: 6.73E+03
DEFORMATION: 1- B.C. 1,DISPLACEMENT_1,LOAD SET 1
DISPLACEMENT - MAG MIN: 3.38E-03 MAX: 4.36E-03 VALUE OPTION:ACTUAL
FRAME OF REF: PART SHELL SURFACE: TOP

 1.19D+02

 7.81D+02

 1.44D+03

 2.10D+03

 2.76D+03

 3.43D+03

 4.09D+03

 4.75D+03

 5.41D+03

 6.07D+03

 6.73D+03
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/cadwhs/server03/ms_rafael/numi_penet_sl_LF.mf1
RESULTS: 3- B.C. 1,STRESS_3,LOAD SET 1
STRESS - VON MISES MIN: 1.70E+00 MAX: 8.84E+03
DEFORMATION: 1- B.C. 1,DISPLACEMENT_1,LOAD SET 1
DISPLACEMENT - MAG MIN: 0.00E+00 MAX: 4.36E-03 VALUE OPTION:ACTUAL
FRAME OF REF: PART SHELL SURFACE: TOP

 1.70D+00

 8.86D+02

 1.77D+03

 2.65D+03

 3.54D+03

 4.42D+03

 5.31D+03

 6.19D+03

 7.07D+03

 7.96D+03

 8.84D+03

 
 
 

/cadwhs/server03/ms_rafael/numi_penet_sl_LF.mf1
RESULTS: 3- B.C. 1,STRESS_3,LOAD SET 1
STRESS - VON MISES MIN: 1.70E+00 MAX: 3.30E+03
DEFORMATION: 1- B.C. 1,DISPLACEMENT_1,LOAD SET 1
DISPLACEMENT - MAG MIN: 0.00E+00 MAX: 9.02E-04 VALUE OPTION:ACTUAL
FRAME OF REF: PART SHELL SURFACE: TOP

 1.70D+00

 3.32D+02

 6.62D+02

 9.92D+02

 1.32D+03

 1.65D+03

 1.98D+03

 2.31D+03

 2.64D+03

 2.97D+03

 3.30D+03
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/cadwhs/server03/ms_rafael/numi_penet_sl_LF.mf1
RESULTS: 3- B.C. 1,STRESS_3,LOAD SET 1
STRESS - VON MISES MIN: 7.91E+00 MAX: 5.78E+03
DEFORMATION: 1- B.C. 1,DISPLACEMENT_1,LOAD SET 1
DISPLACEMENT - MAG MIN: 5.54E-04 MAX: 4.22E-03 VALUE OPTION:ACTUAL
FRAME OF REF: PART SHELL SURFACE: TOP

 7.91D+00

 5.85D+02

 1.16D+03

 1.74D+03

 2.32D+03

 2.89D+03

 3.47D+03

 4.05D+03

 4.63D+03

 5.20D+03

 5.78D+03

 
 
 

/cadwhs/server03/ms_rafael/numi_penet_sl_LF.mf1
RESULTS: 3- B.C. 1,STRESS_3,LOAD SET 1
STRESS - VON MISES MIN: 2.38E+02 MAX: 1.20E+04
DEFORMATION: 1- B.C. 1,DISPLACEMENT_1,LOAD SET 1
DISPLACEMENT - MAG MIN: 3.38E-03 MAX: 4.36E-03 VALUE OPTION:ACTUAL
FRAME OF REF: PART SHELL SURFACE: TOP

 2.38D+02

 1.42D+03

 2.60D+03

 3.78D+03

 4.96D+03

 6.14D+03

 7.32D+03

 8.50D+03

 9.68D+03

 1.09D+04

 1.20D+04
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/cadwhs/server03/ms_rafael/numi_penet_sl_LF.mf1
RESULTS: 1- B.C. 2,NORMAL_MODE 1,DISPLACEMENT_1
MODE: 1  BUCKLING LOAD FACTOR:  153.6568
DISPLACEMENT - MAG MIN: 0.00E+00 MAX: 3.96E-04
DEFORMATION: 2- B.C. 2,NORMAL_MODE 2,DISPLACEMENT_2
MODE: 2  BUCKLING LOAD FACTOR:  153.6615
DISPLACEMENT - MAG MIN: 0.00E+00 MAX: 3.96E-04 VALUE OPTION:ACTUAL
FRAME OF REF: PART

 0.00D+00

 3.96D-05

 7.93D-05

 1.19D-04

 1.59D-04

 1.98D-04

 2.38D-04

 2.77D-04

 3.17D-04

 3.57D-04

 3.96D-04

 
 
 
 
 

Item Material 
Yield 

Strength 
(ksi) 

Maximum 
Von Mises 
Stress (ksi) 

Von Mises 
Allowable 

stresses 
(ksi) 

Allowable 
over Von 

Mises 
Ratio 

Maximum 
Shear 

Stresses 
(ksi) 

Maximum 
Shear 

Allowable 
stresses (ksi) 

Maximum 
Shear over 
Von Mises 

Ratio 

Maximum 
Deflection 

(mils) 

Round 
bar, plates A 36 36.0 3.3 12.0 3.6 1.7 6.0 3.5 0.9 

Tube A 500 46.0 5.8 15.3 2.6 3.3 7.7 2.3 4.2 
Shoulder 
screws 

B 18.3/  
A 574 84.0 12.0 28.0 2.3 6.7 14.0 2.1 4.4 

 
 
The Buckling Load Factor is 153. 
 
 
Hence, the fixture members are OK.  


























